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LANDING CRARACTERISTICS OE' A!? AUTOGIRO 

By Hilliam C. Peck 

SUMURY 

_ .- __ 

An inveetfgation to determine the rate of deeGent, 
the horizontal velocftg, and the attitude at oontact' of -_. 
an autogiro In landinge was made by the National Advisory 
Committee for Aeronautlae at the request of the Bureau of _.. 
Air Commerce, Department of Commerce. The inveetigatlon : 
covered various typo8 of landfnge. - - .- - _. . _ _ .,... - Y. . - 

The reeulte of the investigation diecloeed that the 
maxilmum rate of deeaent at oontact wfth the ground (10.6 

- 

fee1r per second) wae lees than the mfnlmum rate of deecent 
attarinable In a steady glide (15.8 feet per eecond); that 
the:ratee of deecent at contact were of the same order of 
mag![ftude ae fho.ee experienced by conventional airplanei- . 
fn :Landlnge; that flared landings reeulted iqqery low 
hor.fsontal velocitfee at contact; and that unexpectedly 
hfg!I lift and drag force coeffiofente were developed In 
the-latter stage6 of the flared landings. .--. 

_' - 
--.-a-- _ .._ 

INTRODUCTION 

The characteristic ability of an autoglro to be land- 
ed .trom eteep glfdee of approadh and with very low horI- '. 
son&al velocities at aontact with the ground hae led to 
epegulation ae to the etrength and shook-abeorption re- = . 
qufpemente for thie type of ai'rcraft. Ow5ng to the ab- 
aen3e of quantitative data, the Bureau o-f Air -Commerce', 
Depsrtment of Commerce, requeeted that test@ be made to 
obtlln repreeentatlve data on autoglro landing oharaotef- -'- : 
1et1ce. The eeeential lnformaflon deeired fnoluded the 
rate6 of deecent, the horizontal v8kcitl88, and the atti- 
tud3a of an autoglro In 1andlng;e. 

Tests to obtain theee data were made w%th a Pitoafrn 
PCA-2 autoglro, whoa8 general charaoteristics are deeorlbea 
In referenoe 1. The teets COIMfBt8a of a serlea of laxid- - 
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lnge arranged to cover the type6 t,hat would probably be 
made by an autogiro pilot of average, or poor, ability. 

The Investigation. wae oo'ndncted by the National Advl- 
eory Committee for Aeronautloe at Langley Pield, Va., dur- 
ing the months of May ana June 198'3. "' 

APPARATUS 

The PM-2 autogiro, ueed for these tests, wee a 2- 
place, open-cockpit maohlne equipped nith a 4-blade rotor 
46 f.eet In diameter, a fixed wing 101 equare feet In area 
lnoludlng the fuselage area between the wing'roots,, and a 
Vrlght 300-hora'epower R-975 engine. The landing chaesle 
wae equipped with oleo-epring Aerol atrute having etrokee 
of approximately 8 inches and fitted with 8.60-10 low- 
preeeure airplane tires. The gross weight of the autogiro 
ae flowzi wae approximately.2,940 potinde. ._ - 

The lnetrumente ueed during the teste ooneleted of 
an air-speed recorder, an accelerometer, a control- 
poaltion reoorder, a timer, and a recording ltphototheodo- 
llte." All, except the phototheodol&te, yera etandard 
N.A.C.A. Instrumenti and were mounted In the autogiro. 
The'recordlng phototheQdoltt.e, developed ,to record flight 
pathe and attitudag of'aircraft In flight close to the 
ground, is descr$'bed In reference 2. The essential el&- 
mente of thla apparatus are a motion-picture camera, an 
fnetrument to record the aslmuth and elevation angles of 
the camera, and a timer. The apparatue wae eet up approxl- 
mately 800 feet from the site of the landinge. 

li 

. c 

The Instruments mounted in the autoglro were used to 
Purnlsh hlirtorlee of the air Bpeede, the accelerations 
parallel to th8 normal axle at and eubeequent-to COntaot 
with the ground, and the mo'vemente of the elevator con- 
trole. The timer furnlehed time. lndlcatione on the rec- 
ords azid alldwed their eytiohronlzatlon. The re_porde ob- 
talned with the phototheodolite wer'iJ'ueed to determine the 
holghta of the autoglro above the ground, the rates of 
deeoent, the horlsontal velocities relative to the ground, 
the vertical acceleratlone immediately prior to Contact 
with the ground, and the attitudes at contaot. 

_.- _ . e 
. 
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PROCEDURR 

a I . 
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A sero'tlme wae eetabllehed for eynchronlslng the 
data obtained by the lnetruments In the autoglro with those 
obtained from the phototheodolfte records. Thfe time was 
the lnetant the landing-gear wh68ie made contaat with the 
ground and wae determined for the inetrument data by exam-. 
ination Of the accelerometer r8iZOrdB. The tfme of oontact 
of the landing-gear wheels waB determfned for the photo- 
theodollte data by noting the f'rame of the motion-picture 
photograph6 in which rotation of the wheele started, eeg- 
mente of the whee1B having been painted with aluminum to 
make thfe method of fdentlfloatlon possible. 

The tests were divided Into three general groupe: 
(1) landing8 made by a gradual leveling-off (normal land- 
ings), (2) landlnge mad8 by abruptly flaring the autoglro 
(flared landlnge), and (3) taxi and take-off rune. The 
alr epeede of approach of the normal landings varied from 
that in excess of the air epeed at which a three-point 
landfng wae, possible to air apeede at which the elevator 
control felt ineffective to the pilot. The air 8p88dB of 
approach for the flared landings varied from the air-apeed 
at which the autoglro 'gained a,Ttltude after an abrupt 
flare to alr speeds at which the- elmevato*'-dontrol felt ln- 
effective to the pilot. The helghte of execution bf the ._- 
flare varied from a height rel&ively close to the ground 
to one that was deemed unsafe to-exceed. lrhe taxi and 
take-off rune were mad8 over a rough portion of the land- 
ing field. 

. 

PRECISION 

The estimated prealelon attained In the determination 
of the autoglro landing characterlstlce la: . ._ 

Helghte above the ground f1/2 ft. .r 
Horizontal (ground) qelocltle~ f2 f.p.0. 

: 
Rates of deecent *t/2 f.p.e. 

Air speeda of approach f3 f.p.9. 

Acceleratlone (vertloal) prior 
to contaot f2 ft. per sec. 

per 680. 
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Aocoleratione (normal) at and 
eubsequent to contact * *1/4 g 

Attitude6 f1/2O * 
: . *. ' 

, b.wi'kg to .th.e rapid ohange In angle of.attack, the 
%,?.qry ,low.a.lr speeds, 'and the ground effect, It was bo- 

;' l'ieved. that the.error In recording the air epeed.lmmedl- 
atol.y:.lj'rlor to oontact would be greater than the error 
i'n rec,ording the-air speed of approach. A compafieon of 
f'he reco'rded air epeed with the value determined by the 
*addition of the average wind apeed and the speed of the. 
autogiro relative to the ground showed, however, that the 
accuraoy of recording the air epeed prior to contact was 
of the eame order ae that for the air speed of approach. . . 

RESULTS AND DISCUSSION 

Representative data on the landing character9etioe 
of the RCA-2 autoglro are listed in table I and plotted 
in figure8 1 and 2. The data show that *the lazidfnge which 
may be claeslfied a8 being thoee made by an autogiro pilot 
of average ability (lantllngs made from air tapeeds of ap- 
proach relative1 y cloee to the a$r.speed.that allowed a 
gentle and relatively slow landing ad fn whldh the level- 
lng-off or the flaring was executed wfthln 8 feet of the 
ground) resulted in rates of deecent at contact of leea 
than 6 feet per second. Landings, In which poor ability 
was simulated, i.e., landlnge .whlch dld not fall within 
the range6 mentfoned above, resulted ln rates of descent 
at oontact that approached a value of 11 feet per aeoond. 
Theee latter rates of deecent, even for the worst landing, 
were leee than tho minimum rate of dgscent in the eteady 
glides with the prop.eller etopped (16.8 feet per second, 
fig. -1). 

l 
r 

The maximum rate of descent rat contact (3V.6 feet per 
eecond at t,he center of gravity) occurred in fiared land- 
lng 12. In this landing the air epeed of approach was 
eufflclent to,provlae definite response to the alevator 
movemonta. The .flare wae started at a helght.of approxf- 
mately 14 feet with an air Speed of'56 feet per eecond 
and resulted In an air epeod at Contaot of 23 feat per 
second with a small nogatlve horisontal velocity component l 

relative to the ground. The aevority of the landing re- . L 
eulted In failure of the tafl ekid and eubeequent damage 
to the rudder. . 

* - 

_ .._. . .’ 
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Figure 2 le a plot of the rate of deecent at contact 
against the height above the'growid at which the execution 
of leveling-off or flarlng was etarted for the normal and 
the flared landinge, respectively. It ia Interesting to 
note that, with one exception, the rate of deecent at con- 
tact appeare to depend primarily on the height above the 
ground at which leveling-off or flaring wae etarted. In 
the exception (landing 5) the air speed of approach was 
higher than that of the other landings represented on the_ 
flgure and the direction of the elevator movement wae re- 

' vereed twice between the start of the leveling-off and 
contact with the ground. Figure 2 further shoals t.hat-.no- 
marked difference In the ratee of deecent at contact oc- 
curred for the two types of landlnge. It ehould also be 
noted that the ratee of descent at contact are approxlmate- 
ly of-the Bame relative order of magnitude as would be ex- 
perienced by the conventional airplane. .- 

In general, there was an appreclablg difference in_- 
the horizontal velocity at contact for the normal and the 
flared type6 of landing (table I). In the flared landlnge, 
a very marked reduction occurred In the horizontal veloo- 
lty during the execution of.the flare, the reduction being 
80 great that In a wind of moderate lntenelty the horlson- 
tal velocity relative to the ground at contact wae practl- 
tally zero* Owing to the large reductfon.ln horizontal 
veloc$ty that may be realized in the flared landing, the 
autoglro hae an appreciably wider range'of horixonfal ve- 
lboltles at contact than the conventional airplane. 

The vertical acceleratfone experienced lmmedlately 
prior to contact with the ground varied from -4 feet per 
eecond per eecond (-0.12g) to 5 feet per eecond per eec- 
ond (0.159) which ahowe a variance of the vertical compo- 
nent of the aerodynamic forcee exletent at contact from 
approximately 88 percent to 115 percent of the grope 
welght -of the autqglro. No mean@ were avallab&e fqr-de- 
tgrmlnlng.the magnitude of this component exlst?nt at the 
end of the contraction etroke of the.shock-absorbing unite. 
An Indication of the magnitude of thle component generated 
by the rotor wa8 obtained, however, by noting the rotor 
con.lng angle ae recorded by the camera. In all but one of 
the landings, the coning angle remained pcsltfve during 
and for a ehort period of the time following the comple- 
tlon of the Initial contraction-etrbke cycle of the shock- 
absorbing unite. In the remalnfng landing, the coning an- 
gle sae.approxlmately zero at the end of the cycle and be- 
came negative shortly after. . 

; 

- ._ _.- 
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The sero ccnlng angle existent at the completion of 
the initial shoB~aa~orbei-'coaCiacfTbn cycle"indlcates 
thst In. one landing the rotor thrust was less than the 
weight'of the rotor blades, which were approximately 11 
percent df the gross weight of the autoglro.'.,The vertl- 
cal' component of'the aerodynamic forces had thu,s dropped 
to as.low'as'ap~r"oxlmately 11 percent of..t&e gross weight 
of-.the autoglro *during the cycle. It. therefore appears 
that during the"absorptlon of the vertical component of 
the autoglrols hlnetio energy at contact.iith the ground 
practically the entire support of the autogiro may be 
transferred from the.aerodynamic, forces to the landfng 
gear.. Such a tran'sfer requires that the.shock-a.bsorbing 
system *absorb not only the vertical component of the con- 

-.tact kfnetic'energy but also absorb a portion.of the change 
#in potential energy represented by the vertical dlaplace- 
ment of the autaglro during the Initial shock-absorber 
contraction stroke and, in addition, offer a res¶.stlng 
force approximately equal to the weight of the autogiro 
at the end of the cycle. . r 

The rotor speeds varied from 129 r.p.m. to 136 r.p.m.? 
during the landings (table I). The rotor speeds were sen- 
sibly constant, however, 'during thearecorded portlons'of 
each of the landings. The recorded portions, in general, 
Included the last stage of the approach glid.8,. the-level- 
ing-off or flaring,. and the,flnal approach onto the ground. 

The rotor speed characterlstfos'prevaillng during the 
landings are different than would be agected from those 
Indicated by previous flight tests. wring the acceler- 
ated-flight -tests (reference 3) a'-rapid Increase In rotor 
epeed accompanied an Increase in normal force on the rc- 
tor. In the landings, rotor speeds~reutalned senelbly con- , 
stant even'.though In ‘some of the flared landings the nor- 
mal force on the rotor'wae eubstantlally Increased. The e 
decrease In air speeds that occurred during the landings 
would'not.cause a change in,rotor ,sp'eeds as the tip-spoeii, ..- 
ratios (0.1 to 0.2) prevailing during theMlandIngs tier6 In 
the range of constant rotor speeds for the condition o'f 
constant normal force. 

Another surprfslng difference between landing and 
normal-fllght characterlstlcs Is the high force coeffl- 
cients developed at contact (fig. 3). -The ljft and drtag 
coefflcfents determined from the normal landings were but 
slightly &eater than those deternined*from steady glide . 
tests, whereas, those from thelflarr& landings were aptire- 

- 

. . 
L 

. r 
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clably greater than the maximum reallsed In steady glides, 
The force coefflclents deduced to be existent immediately 
prlor to contact In the landings are but appraxlmate In 
magnitude owing to tho use of the lnsufflclently precise 
horleontal and vertical accelerations detormlned from the 

.photothocdolito data and to the essumptlon of constant 
gross welght of the autoglrc. !Che'calculated coefficients, 
however, are believed to be sufficiently accurate to.per- 
nit the qualltatlve comparison. 

The reasons far the constant rotor speeds during the 
accelerated.portlons of the landing approaches and the 
unexpectedly high force coefflk'letits prevall$ng during the 
flared landings are lmpos'sfble to explain owfng to lack - - _.__- 
of development of autoglro theory coverlng accelerated 
fllght and the Influence of ground effect on the effective 
angle of attack. It le believed, however, that a major 
contrlbutlng factor toward the hlgh force coefflclents is 
a relatively large ground effect at the large angles of 
attack and low air speeds attained In the abruptly flar'edl __.- 
landlngs. 

. . 1. The maximum rate of descent of the autoglro at 
contact with the ground was lo.,6 feet per second. 

\ A . 2. When the landings were made from approximately 
the same alr speed of approach, no marked dlffe.rence oc- 
curred In the rate of descent at contact for the normal 
or the flared landing, the rate of descent at contact be- 
ing roughly a function of the height above the ground at 
which the execution of the leveling-off or the flaring 
was started. - _.-_ 

3. The horlxontal velocltles with which an autoglro 
may be landed cover a wide range; the horlsontal velccl- 
ties at contact with the ground In flared landlngs are, In 
general, very.10~. _- 

4. The lift and drag coefficients developed during 
the flared landings were appreciably greater than the 
maxlmume reallsed In steady glides. 

rl 

. I 

Langley Memorial Aeronautical Laboratory, 
Hatlonal Advisory Committee for Aeronautice, 

Langley E'leld, Va., October 4, 1934. 
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Figure 2.-Rates of descent at contact in crutogiro landings. .._ 
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